General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



ORM 602 


3 



(pages; 


(THRU) 


(CATEGORY) 


(NASA CR OR TMX OR AD NUMBER) 




Manned Spacecraft Center 

A. 


National Aeronautics 
and Space Administration 

HOUSTON, TEXAS 


i.Mt 


■ ' v 

/.o > % B 

VP 4 & 


V 

Hv < 






l 


•isc rnEniAii noh. no. 67-es-i? 


39 </ 




//wi’irdK iliMtolTION of 
- v pfmcwdijctc* MA i'EKiAijo 
4Y THE PHnEE- .’EMPERATUKE 
DEPOSITION METHCT 


rpared rv: 


Approved: 


Dr. Olenn Fane low 

Iowa Stai e University 

(NASA Sunnier Acuity Fellow) 

Dr. G^Fge T. Lewis 
lead. Microminiature Application 
' Section 


Approved: / 


'David M. Hickman 

Chief, Flight Data Systeur Branen 



Approved: ^ _ - 

Leonard K. Packham 

A st. Chi • f Cor Electronic Systems 

Office 


v V . J ^ 




^.alth . wer 

Ch ie f , runera ar ion * m d Fleoi r« >n c 

Sv i si on 


• Anv , PHAiJON 


w ^ DNAi t . ' A , v v 

A.® UK . vc CIOTSt 

1 A , I j SXA 


1967 



TABLE OF CONTENTS 


LIST OF FIGURFS - 
SUMMARY - 

INTRODUCTION - 

BACKGROUND - 

KXPER BffiNTAL METHODS - 

EXPERIMENTAL RESULTS - 

FUTURE WORK - 

APPENDIX I: SUBSTRATE CLEANING PROCEDURE 


Page 

i 

ii 
1 

3 

7 

8 

10 


APPENDIX II: HALL MOBILITY MEASUREMENT TECHNIQUE 11 



LIST OF FIGURES 


Figure.* Number 


II 

III 

IV 

V 

VI 


APPARATUS FOR THREE TEMPERATURE DEPOSITIONS 


MASK AND SUBSTRATE HOLDER 


DEPOSITION MASKS 


ilCimOME ELECTRODE DEPOSITION 


INDIUM ANTIMQNIDE SEMICONDUCTOR DEPOSITION 


INDIUM CONTACT PAi-S 


Pago 

3A 

3A 

ok 

6b 

6b 

6b 



Vacuum Deposition o:' III-V Semiconductor Materials 


i 

By The Three - Temperature Method 

SUMMARY 

Thu work reported herewith wa3 conducted as a part oi the 19^7 Summer 

faculty Fellowship Program* Preliminary evalu/ition film., ol' InSb 

huv< been formed by simultaneous vacuum deposition of indium and 

2 

antimony* Mobility values of 300 cm /volt-second were measured . This 
represents an improvement over the CdSe films currently under study 
for thin film device applications. Experimental procedures are detail- 
ed together with recommendations for future work. 





INTRODUCTION 


In order to improve the frequency response of thin-film 
field-effect transistors, the source drain spacing may be reduced, the 
Rate width may bo made smaller, or the mobility of the semiconductor may be 
made an high an possible. Of these methods, the latter scorns to be the 
most logical approach because -loner spacings arc becoming more difficult 
to ache io vc, and the .mprovement that can be realized by changing them 
is relatively small. The mobilises of the semiconductors that have oeen 

used most frequently in thin- film transistors have been in the range of 

2 9 / 

10 cm 7 v- sec . and these mobilities, together with the spacings that can 
be obtained, presently limit the applications of these devices to 
frequencies below 100 mHz. gome of the III-V compounds have much higher 
mobilities in bulk form, ana their use in th in-film transistors conra 
possibly increase the frequency range by several orders of magnitude. 

The main reason that these materials have not been used to date is 
because their preparation is difficult and has not moved beyond the 
experimental stage into commercial applications. The purpose of this 
study Is to experimentally determine the vacuum deposition parameters to 
be usee he formation of high mobility ; emiconducting films from some 
of the. • I. j — V materials. The parameter, f oe determined are the 
! ' mperat ure.; * * th w nu at being ' upo rated as well as the tern- 


* 


peratj of the .. . -ate where ondense; hence, the name, 

the Three- .;p ratur*.: Method. 




BACKGROUND 
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The difficulty encountered In preparing some of kho high moiility 

ILI-V'’ ''unijviuivl: 1:: Unit., at. temperatures of evaporation, they dl ussvviate 

into mpt •tient.; if dilT« rent vn k > r pressures, The result is nonst.oiehi* - 

in* * 1 1 * I . rijjn;:. To produce film, of the exact stoich i ometric ratio, the 

vapor densities, of the components, as well as the condensation conditions, 

are extremely critical. The proper vapor densities of the components can 

be obtained by the temperature control of the evaporation of the two 

components from separate sources. The condensation conditions may be 

controlled by adjusting the temperature of the substrate so that the 

components will, as they arrive in the proper ratio in the vapor state, 

react and form a semiconductor film. Since there is no significant 

reaction of c.>mponents in the vapor state, the formation of the film is 

highly dependent on the temperature of the condensation on the surface. The 

* 

overall conditions that are desired are described by Gunther as follows: 

"The less volatile component is maintained at a temperature , T^, 

which is necessary for the desired impinging rate, M + ^, and growth 

velocity of the film. Now, the temperature, T^, is chosen in such 

a manner that the more volatile component B possesses a certain 

excess in tin vapor phas* compared with component A (M + ^ - C X M + ^, 

with C ?. to lo). Finaj ty, tin emperature, T. , of the condensation 

surface is maintained a a value which permits the selection of thu* 

Gunther, K. i.," Vapor /.at ion aoa Reaction of the Elements i; 'impound 
: .-ondi • c*, Vol. 1, Preparation of III- Compounds, Ed. by 
Willards . . ... K. ana Goeriu> , H. L. Reinh^ld, New Yor k, New York, 


3 

j’, juiit t* '(inponant B which is necessary for th»* lesir d compound 
A . wl i ll 1 the excessive amount (ol‘ B) is ro-ontlt ted in the /apor 

phase." 

EXIdflxi MENTAL METHODS 

The Vacuum Oys. tom: 

i h- vacuum equipment used for this .study vus manufactured oy 
Pons- l iduted Vacuum Corporation, CVC. It has a four- Inch vacuum system, 

and • •unsi.st. of n 1C- inch glass hell jar pumped by a Liquid nitrogen 

.7 

t "appe i *»i I *li ITUs inn pump, 'flic- base pressure of the unit is 10 torr 
with the nitrogen trap in operation; however, most depositions are made 
in the 1 to 4 X 10*' * torr range. 

E vapor at i n Assembly: 

A schematic of the apparatus for preparation of the films is shown 

in Fir. I. 

The substrate heater consists of three quartz infrared lamps and is 
capable o’ producing substrate temperatures in excess of 500°C. The 
sour* heat rs are selected according to the materials to be evaporated. 
The material • used for this study were an R. D. Mathis, MK PI tungsten 
boat for he inuiuin and a Mi; 22 tantalum boat for the antimony. A 
layer of A l 0 paper (FibertYax paper, 970-AFJ, the Carborundum 

I 

Company) is used in conjunction w sn a 100-mesh tantalum wire screen as 
the boat cov r it prevent "spitting’ of the antimony during evaporation. 
Tne indium b(.>at was not covered. 

ir to substrate distance was 26 cm and the separatior between 
:our . . on center, wa^ 2 . b -m. A. glass barrier approximately 1.3 cm 



fip: . l 


HRASS I' LOCKS 
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high*;;* than the top of the bouts was placed betw<*eu the sources to 
pr* • n the materials from being mixed at this point. 

fh rutiie 1 -alumc t thermocouples are spot-welded tf the bottoms of the 
bra's f >r t epiperutun* monitoring: ol* the sources while the same type 
the mo. ■ u))Je Is. pressed on the substrate surface to obtain this measure- 
ment. Tlu the rim >cauple wires arc* 16 gauge, providing rapid response to 
Aiaj In t - •i:q)erature. The output of the thermoct Les is fed to 
Minin' ' , tejnpcravur<. compensated potentiometers to obtain the tenrpera- 

tur< values. A cutaway repre sei itat ion of the mask and substrate holder 
is pi vi ! In Fig. II. 


'iti' thermocouple used to measure the substrate temperature is 
placed between a brass block and the glass substrate. Four 1X1 glass 
slides are coated during each deposition. 

The* region between the base of the bell jar and the bottom of the 
substrate holder is surrounded by a 6-inch diameter pyrex chimney to 
prevent •oniami nation of the chamber. These chimneys are cleaned after 
each deposition and the base of the bell chamber is cleaned with a 
vacuum ‘leaner. 


Fi 1m 


vp 




highness and deposition rates are obtained from a Sloan 
L1iLck.]ic.;s Monitor that is a part of the vacuum system. 


Kvaporrud : 



Tin materials . w rc ind * ' r ~)9* r *9% pure, by Indium forp. of 




America, Utica. N . .v. . an: as' n* • ■ y shot. 99*99°9j£ pure, by Electronic 

.Vp&ce hroducts, I,o.' Aiigelc-^, nliid-rnia. Enough material was used so 
that evaporation wa. not complete during each deposition, and ’’make-up” 


in a • la. i wn. abided to the boats prior to each run. The antimony toat 

wa '■ npj roximatcly ha if- full because, it was found that thi ; mad' it 

eu * r ; nritntuin u const. ant temperature during deposit Ions. Approxi- 
mately I muu of Indium wan added to the bc)at for each m< It. 

ill ubstrate.; used an nun sq. Corning cover glass. They an 
c L< an i by 'he procedure given in Ajjpondix I. 

7ap < 1 r I zat imi itorcunoters: 

Typical /aporization parameters of each component were observed oy 
n para to iepositionn and example* s are given in Tables I and II. 

TABLE I TABLE II 
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The general base lines determined are that indium would begin 

_ o o 

to - vapomte al approximately oOO to 9^0 C and antimony would begin to 
ovap» rate at approximately 58o c to 600°C. Pressures were from j.4 to ?.0 
X 10~ J tin*. Substrates were at room temperature for the iridium and 
approximate ly 100* C for the antimony. Antimony would not adhere to the 
substrate at room tempera Lures. 

Starting points for the vaporization parameters of compound 
fj Ims were determined by deposition of the components at differing boat 
and substrate temperatures until films were obtained that had 
rc; LstLvit Lea in the semiconducting range. Source temperatures of 
approximately 10 lo” to 1030°C for indium, 6^0 to 750°C for antimony, and 
LI )* to lyo^C for the substrate are possible values to work around. 

A number of devices were designed to facilitate making the 
appropriate electrical measurements on the films. The masks required 
for these devices are illustrated in Fig. 3* 

Mask number one is used to make source drain contacts using 

I 

nichrome as the material. Mask number two is used to make the semi- 
conducting film to be studied. Mask number three is used to make metallic 
■ •out acts to i lie semiconductor material. Indium is used for this although 
other materials would be suitable. Mask number four is used to deposit 
I he dielectric material for a field-effect device. The formation of 
the Hall voltage test configuration is shown in Figures IV through VII 
The Hall mobility test procedure is described in Appendix II. 


FIGURE ib 
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Figure IV: 

Nichreme Electrode 
Deposition 



Figure V: 

Indium Ant imoriide 
Semiconductor 
Deposition 
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Figure VI: 
Indium Contact 
Pads 




Figure VII: 

3 Depositions 
for Hall Effect 
Measurement s 
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. • ,1AL RESULTS 
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2 / 

fuse-'*. s fV 1 films having a Hall mobility of approximately 300 cm / 
v-se-. w ?r< t'ormed at the following temperatures: In at 1020 - 103? C, 

r t » at '/ »( - 7^0°^, and the substrate at 120°C. This Is a fraction of 

p k 

i in 1 . ). and ’() , < K )v ) i -in' /v-seo. reported by Julias/, and Anderson, and 

<hinth»r. t*« .|)« >d i • ly . ‘iTirlr source temperature's were einparable, but. 
the ;;ui*;d ra «* t inpornLures v/< *re in the 4o0 to h(X) C range on mica. 

j it > it it.it malt at. these temperatures on glass substrates resulted in 
•x id i zed t*i lju. of little value leading to a questioning of the* accuracy 
f i,he m} t.*ra turn measurement at this point, or the need for use of 
mica substrates. 



♦ 







. 

of indium 
r oni r r< i .;s , 


and Ana rson, J. C., "Preparation of high Mobility Thin Film 
Ant hneii ide," Transactions of the Th ' ni International Vacuum 
i/ol. r. . 333, Pergamon Press, lQf-/. 


FUTURE WORK 
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ilij s t uiiy has shown some of the difficulties with the three - 
1 « >mp< rnUin moth oil . 

One liffi *uliy !s holding the temperature of the antimony boat 
•on.': tout during evaporation. As the antimony evaporates, the tempera- 
ture * the b< ai fluctuates as much as 100 °C. This fluctuation may be 
lue tu 'no antimony not, wetting the boat and the antimony moves about 
in ‘li boat. Possible solutions are different boat materials or a 


heavier boat . 


Anotlu r problem is determining the substrate temperature. Them* 
appeal*.- to be a discrepancy betweon the results obtained here and those 
cl* an* 1 • r worker. The problem of determining the temperature of the 
substrate is not as simple as it may seem. 'The substrates are transparent , 
while the thermal ouple is opaque. The source of heat is from infrared 
lamps. Further, some workers have pointed out that the temperature 
difference between the front side and the back side of the substrate can 
iiffer t>y TX)°F. There is also some question as to whop. or the temperature 
is uniiV-tT: across the substrate where there are holes in the musk. 


-\:u he ■ area of study is 


the effect of depositing a dielectric on 


In . •- m i a >ndu**l or. 
treated Cd3o, the 
if Lin resistant* 


When a dielectric was deposited on properly hnat- 
* . *.i stance across the source-drain spacing decreased, 
not decrea-.i , theia was no field-effect, and no 


TFT devices. 


0 


uaioaJ irv : process may also have to be opt imized l<> produce 
sut- fa ■ r\ field effects. That la, the resistivity of the semi- 
•ondu tor ln>u id hango when a potential is applied to an electric 
field plat* on the dielectric layer. The semiconductor should not 
« nly have a high field effect, but also a high mobility. Temperatures 
of ‘he s ibstratcs ajid boats will be varied for maximum mobility of 
•arriers. li addition, mobilities may be improved by post-deposition 
treatment of films by using such techniques as the shielded re- 
•ryst ailizat '.on method discussed by Johaz and Anderson. 

further improvements could possibly be realized by investigating 
tiie effect of the oblique incidence of the vapor beam on the substrate. 
This, s.u, 'csl.lt >n is. mad( because the properties of thin- film magnetic 
mat' rials art influenced by a ’’sell*- shadowing" mechanism that occurs 
during tl Is. process. It is believed that an Improved crystalline 
structure and a resultant increase in mobility could be obtained by 


this method. 


APPUQIX I 
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3UUSThA'fd CLiJAjMNG PROCKDURb 

a. Wash < ach substrate in detergent water using abrasive action. 

b. Rinse tender running water j minutes. 

c. Ultrasonically clean twice in trichloroethylene, 10 minutes each 

cleaning* 

d . ill bruson ieaJ ly clean twice in acetone, 10 minutes each cleaning. 

i . U1 t . rnsotii ally clean three times in demineralized water, 10 
rniiiui* .. -ach cleaning. 

r. iJl ; •asunieui.l.y clean in 10 Cc .0$ boiling HNO^ 10 minutes (delete 
this oetj on alumina). 

. Wash substrates in demineralj zed water from 30 to h c ; seconds, five 
times by hand agitation of container. 

h. Ultrasonically clean substrates once in demineralized water for 

1C minutes • 

i. Ultrasonically clean in methanol twice for 10 minutes each cleaning 
J . Pour off and store dry. 


dote : Delete ct< ye (f), (g), and (h) for glazed alumina ana Corning 

eOCe '(Oyj glass. 



APPENDIX II 


HALL MOBILITY MEASURING TECHNIQUE 


Hni Hall voltage is measured across contacts 2 and 5 (s«*e Figure 
VIII). Vnta’ts 1 and 3. or 4 and 6 arc used to measure conductivity. 
Two .a'[ . * contacts arc employed to determine if* the sample Is 

honi< ■ n«ni a! ']i t.ho width. That is, the resistance (Yum 1 to should 

i the same as l ‘run h to *». 


Ml i* * llaJI voltaic is given as 




t 10 
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B 

z 


c * 

6l L_) 

C 


where V is the voltage across the contacts 2 and 5, I is the 
y x 

current in amperes through the sample, B is the magnetic field (in 

z 

tauss) applied perpendicular to I p , and V . The subscripts x, y, z, 

x y 

refer to the right-handed coordinate system x, y, z. T 2 thickness 
f the sample Is given as t(cm). 

The conductivity («") is given by 

sr - _!* (mho-ern 1 ) 


1 > 


Tlic vol age V is measured from contacts 1 and 3, or 4 and 6. The 
length L (units of cm) is the di iance from contacts 1 to 3. or 4 to 6. 


The width of the sample is give, by W (cm). 
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Th< Hall mobility (y. r ) is given by 



The tom Hall mobility means that the mobility Is determined Trom the 
Hall coefficient whereas drift mobility means that the mobility war 
determined from application of an electric field. Because of various 
scattering median isms in the semiconductor, there is some variation 
between the two mobilities. 'The mobility is the average velocity that 
the charged carrier (holes or electrons) will have per unit of electric 
field. An electron, (or hole) will accelerate in an electric field 
until it 1 scattered by the prevailing scattering mechanism. 


Hence, a high mobility would imply a long mean free path and a long 
relaxation time, and a high frequency response. For a high frequency 
response in a thin-film transistor, the gain -bandwidth product (G* BW) 

is given by 


G • B 

u w 


Mi V* 
2TT L* 


Where I.; drift mobility, is the voltage across the source-drain 
spacing, and h is. th< st jure e -drain spacing. Since the source-drain 
spacing (L) has oeer. decreased as far as practical, it is desirable to 
increase the mobility in order to increase the frequency response. 






